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2I. ABSTRACT
The desired result of this paper is a method of calculating tran­
sient temperatures in an infinite plate. The resulting equations are 
general to the extent possible for aerodynamic heating and radiation 
boundary conditions. The possible methods of calculation were inves­
tigated, and it was felt that a numerical analysis presented the most 
feasible approach.
Numerical analysis was employed to arrive at a series of equations 
for calculating the temperatures at selected positions in an infinite 
plate. A study was then made to determine a method of solving these 
equations by means of some high speed computing device.
The equations were adapted for use by the digital computer located 
in the Missouri School of Mines Computer Center. Two example problems 
were programmed and the results are included in this paper. This data 
is displayed in a series of curves depicting temperature as a function 
of time and location within a plate.
3II. PREFACE
The stated purpose of this thesis is to investigate the tempera­
ture distribution in an infinite plate. Investigations of this nature 
may be approached in one of four general methods ( l): * analytical, 
graphical, experimental, and numerical. Although each of these methods 
has particular applications, investigation of the problem being treated 
indicated the use of numerical analysis. The reader who is familiar 
with the mechanics of heat transfer will recognize that no claim to 
originality can be made on the general method. It was desired to find 
the best method of solution for a problem with aerodynamic heating and 
radiation and then to formulate a general procedure to follow in this 
solution.
It should be pointed out that the justification of numerical 
analysis is not the stated purpose. No attempt was made to determine 
the inherent error of the method, and only a comparison of the results 
of calculations for two example problems is included.
The author would like to express his appreciation to Dr. Aaron 
J. Miles for his suggestions on the problem and to Professor Ralph 
E. Lee and his staff for use of the Computer Center. The author 
wishes also to thank Professor Gordon L. Scofield for his interest 
and assistance.
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The problem involved in this thesis is to investigate a method of 
determining the transient temperatures in an infinite plate which is 
subjected to a transient heat flux. An infinite plate may be described 
as one in which the lateral dimensions are infinite and the thickness 
finite. This condition will exist for practical purposes when the 
thickness is small compared to the other two dimensions. Thus, in an 
infinite plate the temperature gradient is considered to exist only 
in the direction of plate thickness. A transient heat flux is one 
that varies with time. The number of different transient conditions 
that may exist is limited only by one's imagination. The specific 
condition involved in this investigation is one in which the heat 
flux is dependent on the surface temperature of the plate, which in 
turn is varying in an undefined manner. This net heat flux is a com­
bination of aerodynamic heating and radiation.
In aeronautical applications external surfaces are heated by the 
impact and friction of the air. What essentially occurs is that in 
the boundary layer surrounding an object the kinetic energy of the 
fluid is converted into thermal energy. This conversion is called 
aerodynamic heating. Also, since all known substances emit radiation, 
this factor is considered. Hence, the modes of heat transfer to and 
from the plate, aerodynamic heating and radiation, are both of extreme
III. INTRODUCTION
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importance in any study or design of an object to be propelled through 
the earth^s atmosphere.
Since the surface temperature of an object will increase with an 
increase in speed, aerodynamic heating is of particular importance at 
high speeds. In this area of technology heat transfer control and 
temperature distributions are becoming the all important factors, out­
weighing in importance and difficulty such considerations as strength, 
service life, cost and other factors.
A method of predicting both the maximum temperature attainable 
and in the case where the temperatures never reach equilibrium, the 
transient temperatures is necessary. In summary the investigation of 
transient temperature distribution in an infinite plate undergoing 
aerodynamic heating and radiant heat transfer was conducted by means 
of numerical analysis with specific problems included for illustration.
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Literature on transient temperatures in thick walls dates from the 
classical works of Fourier ( 2 ) with perhaps the most extensive work on 
the subject having been done by Carslaw and Jaeger ( 3 ). Much litera­
ture giving the solution to transient temperature distribution is based 
on the premise that the surface temperature of the wall is a constant 
or a periodic function of time.
Only a limited amount of literature is available relative to tran­
sient temperatures in thick walls under the influence of aerodynamic 
heating. This writer could find no literature dealing with a combi­
nation of aerodynamic heating and radiation. Carslaw and Jaeger ( 4 ) 
present a wide variety of problems dealing with transient temperatures 
under differing heat input conditions. The elementary texts by Brown 
and Marco ( 5 ) and by Jakob and Hawkins ( 6 ) also present a limited 
discussion.
The text by Dusinberre ( 7 ) develops a significant number of 
transient problems dealing with a finite surface coefficient. None 
of the problems developed by this author combine the modes of heat 
transfer chosen for this paper.
A well recognized text in the heat transfer field is one by 
Schneider ( 8 ). Although this work contains a large number of examples 
and problems involving transient conditions, none of the work is sim—
IV. REVIEW OF LITERATURE
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ilar to that performed in this investigation. This author investigates 
the temperature history in an accelerating wing under the special con­
dition of aerodynamic heating without radiation exchange ( 9 ).
Most of the investigators, including Schneider, present their 
material in the form of tables and charts.
It is interesting to note that problems of the type discussed in 
this thesis have been recognized for years and are mentioned in the 
text by Carslaw and Jaeger (10). However, no published results have 
been found on this topic. A numerical analysis, which is used here, 
has been facilitated by the advent of digital and analog computers.
14
V. DISCUSSION
The problem of determining the temperature distribution in an 
infinite plate subjected to aerodynamic heating and radiation is 
analyzed by considering the plate to be homogeneous with negligible 
heat flow and temperature gradients parallel to the surface. These 
considerations reduce the problem to transient one dimensional con­
duction heat transfer. Solutions to problems of this classification 
are generally attempted with the use of Fourier's equation (11)
Certain conditions defining the problem of this investigation 
yield the transform procedures of operational calculus inoperative 
and other methods of solution must be considered. The numerical 
analysis method employed in this paper is neither unique nor does it 
result in an exact solution. It is considered to be adequate in ac­
curacy for engineering purposes and through the use of either a digital 
or an analog computer the time involved for the solution can be reduced 
until it is not prohibitive.
A general discussion of this method, applied to conduction heat 
transfer, can be found in the text by Dusinberre (12). In the calcu­
lation of the plate temperature I the method consists of dividing the 
plate into finite increments and selecting finite time intervals.
A time iteration procedure, whereby instantaneous temperatures at each
15
increment are calculated for successive time intervals, is applied.
The selection of these finite intervals in time and distance introduces 
the question of accuracy. A general discussion of this is given in the 
text by Schneider (13). Since it is not the purpose of this paper to 
prove the accuracy of this method, it will be assumed that any engineer­
ing restrictions can be fulfilled.
As previously stated, the net heat flux on the surface of the 
plate is applied by aerodynamic heating and radiation. The equation 
generally accepted for the former is (14)
h A (T ,„ -T ,) t (2)
or for the time interval A Q }
Qc = hAAQ(JL'Ti'). (3)
For radiation the Stefan-Boltzman equation is (15)
%r = € <r A T 4 (*)
Introduction of the time interval AB yields
Qr = e a- /M # 7 7 4. (5)
The plate is of finite thicknessL and the surface opposite the 
heat flux is considered to be an adiabatic wall. An adiabatic wall is 
a surface across which no heat flow occurs. According to the conduc­
tion heat transfer equation (16)
)
16
the adiabatic condition will occur when
=  0  .
For purposes of generality the initial temperature of the plate is 
taken as a uniform l0
The figure shown below schematically represents the problem 
considered in this paper.
ADIABATICSURFACE WALL
The problem now reduces to one of applying these boundary values 
to the time iterative process of analysis. Since no temperature gra­
dient exists in the lateral directions, a surface area of any proportion 
may be assumed. For reasons that will become apparent as the solution 
progresses, the configuration shown in Figure 2 was selected.
Having fixed the surface area, the selection of depth increments 
will define a series of small volumes or nodes. Increments are selected
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to provide an integral number of such nodes. For reference, numbers 
will be assigned to each.
Temperatures are to be calculated at the center of each node. The 
temperature history of the surface of the plate and the adiabatic wall 
are important for reference purposes. If depth increments are selected 
so that these two surfaces occur at the center points of their respec­
tive nodes, their temperatures will be duly calculated. The actual 
selection of depth increments is in keeping with this argument as indi­
cated in Figure 2. The plate thickness of Figure 1 is related to the 
depth increment of Figure 2 by
(S) (n) = L . Cl)
In accordance with numerical analysis procedure, the sub-volumes speci­
fied by J  length, Jdepth, and unit width are replaced by a network 
of "'fictitious" heat conducting rods between nodal points as shown in
Figure 3
18
F ig u r e  3
Then the volume represented by each node is
v = 8* s»l = S*.
Other properties of the node which are assumed constant are the spe­
cific heat C , the density jO  r and the thennal conductivity .
The heat conducted by each rod is
f t=-KdT, (a)
where
k  = . ao
If $  is chosen sufficiently small, we may express the heat flow by
0 = - k AT . (Io)
The heat conducted in finite time period becomes
Q=-KATAe. 01)
The change in internal energy of each node is
Qs =  C p V d T ; (12)
19
or again, for small intervals
Qs = C p V AT . ((3)
By combining the appropriate relationships defining the heat trans­
fer to and from each selected volume, as well as the quantity of heat 





Q c  *” Q r  + iQi. —  Q s
Substituting for the above terms,
hA A G ^-T )- GC-AA0T,4 + K0i-T)AG = CpV(T,-T). (M)
The introduction of certain simplifying relationships in this and sub­
sequent equations will serve to mate their use less cumbersome.
From Figure 2
A  =  $  * I *  S  .
The theimal diffusivity is defined by (17)
Ct -  ■ 0 5 )
Fourier modulus and llusselts number are defined as follows (18):
k A6 k  A0




N u  - (17)




numoer.where M is the Fourier modulus and Nu. is Nusselts 
Combining these relationships with equation 14-and rearranging gives
NuCTaw-T.) -  X^Ti4 + (Tz-T,') = (T.'-t ). (I<0
The reader is reminded that the surface node volume is
Solving Equation 1^? for 77 , the temperature at node 1 at the end 
of the time interval A9 , yields
T,‘« 2 M NuCWfO -  2M(r»-T.) + 77. (2
It can be seen from Figure 2 that the temperature calculations 
for all internal nodes can be determined in the same general way as 
for node 1 except that no transfer is involved in the convection and 




S u b s t itu t in g  f o r  the p re ce e d in g  term s,
Kfn-TOAG + K Ch-TOAQ = c ev  CTi '-T,). (2/)
S u b s t itu t in g  p r e v io u s ly  d e fin e d  r e la t io n s h ip s  and rearran g in g  g iv e s
( T z -T z ) .  (22)
S o lv in g  f o r  Tz , th e  tau p eratu re  a t  node 2 a t th e  end o f  the tim e 
in te r v a l  A0 , y ie ld s
Tz =■ M ( T » - 2 T a - * - T O  +  Tz . ( 2 5 )
S in ce  on ly  the con d u ction  heat t r a n s fe r  mode i s  in v o lv e d  in  a l l  
in te r n a l n od es , the tem perature c a lc u la t io n s  f o r  th ese  p o in ts  w i l l  
f o l lo w  the procedu re  as in d ic a te d  in  th e  developm ent o f  equ ation  23. 
T h e re fo re , the tem perature a t any in te r n a l node a t  th e  end o f  th e  tim e
A 0  i s
T j  -  M  ( X -  -  2 . T m  +  T ^ . )  -  T », (24)
where OO i s  any nodal p o in t ,  in  F igu re 2 , w ith  th e  r e s t r i c t i o n  th a t
I m  < . n  + 1  .
For th e  s u r fa c e  tem perature on the a d ia b a t ic  w a ll th e  same p ro ­
cedu re  o f  f i n i t e  d i f f e r e n c e  equ a tion s  w i l l  be  u sed - However, upon 
in s p e c t io n  o f  F igu re  1 i t  can be seen th a t a l l  heat conducted  on to  
t h is  s u r fa c e  w i l l  r e s u lt  in  a tem perature r i s e  a t  th e  s u r fa c e . S in ce  
th e  s u r fa c e  i s  a d ia b a t ic ,  no heat may f lo w  a c r o s s  i t .
22
n 0 n + t —  Q s
P roper s u b s t itu t io n  g iv e s
K ( T „ - T „ „ ) A 9  -  C  p V  (T„:, - T j . (2 5 )
Further s u b s t itu t io n  o f  the F ou rie r  modulus and rearrangem ent g iv e s  
the fo l lo w in g  r e la t io n s h ip :
T„  - T n4l
S o lv in g  t h is  f o r  ln+< * th e  s u r fa c e  tem perature on the a d ia b a t ic  
w a ll a t th e  end o f  tim e A & .
T n + i “  2  M  ( T n  “  Tr\-*.?) +  T n - f l . ( 2 ^
E quations 20 .24 - , and 27  c o n s t i t u t e  a s e r ie s  o f  equ a tion s  that can be 
used t o  determ ine a s o lu t io n  to  a problem  o f  th e  nature d e sc r ib e d  in  
t h is  t h e s i s .  The u se  o f  th ese  equ a tion s  w i l l  vary w ith  each problem  
attem pted  s in c e  the number o f  in te r n a l  tem perature c a lc u la t io n s  w i l l  
depend on the s e le c t io n  o f  the n od es . The method used in  th e  evalua­
t io n  o f  th ese  equ ation s  w i l l  be i l lu s t r a t e d  in  th e  fo l lo w in g  example
problem s
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V I. APPLICATION OF METHOD IN EXAMPLES
In  o r d e r  to  b e t t e r  i l l u s t r a t e  and d is c u s s  t h i s  method o f  s o lu t io n ,  
two example problem s w i l l  b e  w orked . The ty p e  o f  m a te r ia l ,  i t s  p rop ­
e r t i e s  and p r o p o r t io n s  w ere co m p le te ly  a r b i t r a r y  in  th e  developm ent.
The s e l e c t i o n  o f  s p e c i f i c  tem peratu res used  in  th e s e  exam ples was made 
in  k eep in g  w ith  v a lu e s  th a t  c o u ld  b e  e x p e c te d  in  an a e r o n a u t ic a l  a p p l i ­
c a t io n .  The th ick n e s s  o f  each  p la t e  was ch osen  and i t  was assumed th a t  
th e  la t e r a l  d im ensions w ere la r g e  in  o rd e r  t o  p re se n t  one d im ension al 
h ea t f lo w .
EXAMPLE 1
A p la t e  made o f  Chrome—N ick e l s t e e l  (20  N i, 15 C r ) ,  commonly known 
as  s t a in le s s  s t e e l ,  was s e le c t e d  f o r  t h is  exam ple. The f o l lo w in g  phys­
i c a l  p r o p e r t ie s  w ere determ ined  and a re  assumed co n s ta n t o v e r  th e  range 
o f  tem peratu res e n c o u n te r e d .(1 9 ) (2 0 )
f>  =  4 1 1  % - f l . €  =  0 . 6 5
a  -  . 1 5 1 Ta„ =  9 GO ° R
k =  9 . 4 -  y ftr 'F T .  =  5 6  0  'R .
h =  n s
From eq u a tion  1 6  one can se e  th a t  th e  s e l e c t i o n  o f  tim e and depth  
in crem en ts i s  not independent i f  th e  F o u r ie r  modulus i s  t o  be  kept 
w ith in  a c c e p ta b le  l i m i t s .  For t h i s  problem  assume
M  =L  =  1 v n
24
$ =. ]/A in — 0.020832 it.
T h e re fo re  from  equ ation  / ,
"  =  V'A  =  4- .
Then from  equation  1 8 ,
^  ( .08 0632)** .25  ^  _
A 0  =  ---------- --------------------  x3G00 =
R e c a ll in g  from  the d is c u s s io n  th a t h a l f  volum es must be  s e le c t e d  
f o r  th e  s u r fa c e  and the a d ia b a t ic  w a l l ,  we can s e e  th a t i t  w i l l  be 
n ecessa ry  t o  compute the tem perature a t f i v e  p o in t s  f o r  each tim e 
increm ent § se co n d s . From eq u a tion
II 5  *• .020332
Niu- =  ------------* 4 --------------  =  . 2 5 4 8 6 .
E va lu atin g  th e  co n s ta n ts  in  eq u a tion  2 0  , we have
T,*=s aC2s)&S46&(%c,-T.') - Z&XWnwTXeH&T;*
+ 2C25)CTz -T , ')  + T ,
T,' =  .127416 (<?60-T,) -  105424-x 10'** T *  + -5  ( j l -  Ti) + Ti .
From eq u a tion  2 5 ,
H' =  . 2 5  ( T « -  2Tk  - T i )
25
o r
Tj = .Z5(Tx + ZTz +t3) .
R e c a ll in g  th e  s im i la r i t y  o f  th e  tem perature c a lc u la t io n  f o r  the in te r n a l 
n od es , we have
T ; ' =  . 2 5  (Tz +  2 A  +
and
7 ;'=  .2 5 (7  +2T4 *t8\
F or th e  a d ia b a t ic  vra.ll from  eq u a tion  2 7 ,
-  2  C.25) CT^-Ts') + T ,
T 5 ' =  . 5 ( T 4 + - Q ) .
The fo r e g o in g  equ a tion s  can now be programmed f o r  u se  on th e  d ig ­
i t a l  com puter. The s o lu t io n  was programmed in  such a way as t o  a l lo w  
f o r  th e  com pu tation  o f  a l l  f i v e  tem peratures a t each tim e in t e r v a l  and 
th en  rep ea t the c a lc u la t  on p r o c e s s  f o r  each su cce e d in g  in t e r v a l .
Upon exam ination  o f  F igu re  1 one can se e  th a t  th e  maximum tem per­
a tu re  in  th e  p la t e  w i l l  be  a t ta in e d  when th e  in pu t from  aerodynam ic 
h e a t in g  becom es n u m erica lly  equal t o  th e  r a d ia t io n  e m itte d . Or
h  S  ( T a ^ - T , )  =  G <r T , 4  
nsC^GO-rd = .65 CJ73*ID-e) T| *
I m a  =  q 5 l . q 6 q * R .
The program shown in  F igu re  4 i s  f o r  th e  R oyal McBee LGP 30 D ig­
i t a l  Computer u s in g  the 24 .1  f l o a t i n g  p o in t  in t e r p r e t iv e  system . A 
f lo w  ch a rt  showing the ex a ct sequence o f  o p e r a t io n s  f o r  th e  com puter 
i s  shown in  F igure 5 . T h is  ch a rt p re se n ts  o n ly  th e  o v e r a l l  method o f  
a t ta c k  w ith  no d e t a i l s .  Any problem  attem pted  in  th e  manner d is c u s s e d
26
in  t h is  t h e s is  w ould have th e  same p roced u re  in v o lv e d  in  th e  com puter 
p r o c e s s .
The r e s u lt s  o f  t h is  e v a lu a tio n  a r e  p re se n te d  in  T a b le  1 and P la te s  
1 and 2 . Because o f  th e  g re a t  b u lk  o f  c a lc u la t io n s ,  o n ly  a p o r t io n  o f  
th e  data  i s  p re se n te d  in  T a b le  1 .
27
COMPUTER PROGRAM FOR ROYAL MCBEE LG P-30 DIGITAL COMPUTER
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T h is  example was perform ed  t o  examine th e  e r r o r  caused  by s e l e c t i o n  
o f  th e  tim e and depth  increm ents u sed  in  Example 1 . A s t a in le s s  s t e e l  
p la t e  w ith  th e  same p h y s ic a l  co n s ta n ts  was ch o se n . To reduce th e  in c r e ­
ments o f  d ep th , ch oose
iw. = .0104.(5 -F*.
From e q u a tion  ~Ty
n =  =  8  -
T h e r e fo r e , n in e  tem perature c a lc u la t io n s  w i l l  b e  n e ce ssa ry  f o r  each tim e 
in crem en t«
C a lc u la t in g  th e  tim e in t e r v a l  f o r )
A 9 Colo 4-lS)Z* .25JS! x  3  6  0 0
A0 = .&4G522 sec.
E v a lu a tin g  th e  co n s ta n ts  in  eq u a tio n s  20. 2 4 .  and 27. we have
T , '=.06370<?OteO-7T) -.5272 Ix-IO^T,4 + .5  C r z ”T .) + T|
and
Tj = 2SCT, * 2T*. + TO.
Or in  g e n e ra l f o r  th e  in te r n a l  nodes j
T J  ^  .2 5  C l M .  + 2 T m  -*■
where
I <m  < 9 .
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And f o r  th e  a d ia b a t ic  w a l l j
T,‘ = .5 (T* + Tf).
The program  was p rep a red  f o r  th e  R oyal McBee com puter in  th e  same 
manner as b e fo r e .  B ecause o f  th e  lo n g  c a l c u la t io n  tim e r e q u ir e d , t h i s  
example was stop p ed  when i t  became ev id en t th a t c e r ta in  d e f i n i t e  tren d s 
had become e s ta b lis h e d .
The data  f o r  t h is  example i s  p re se n te d  in  T a b le  2 and P la te s  3 and 
4 .  As b e fo r e  o n ly  an e d it e d  p o r t io n  o f  th e  data  i s  p re se n te d  in  T a b le  2 
b eca u se  o f  space l im i t a t io n s .
TIME
SECONDS SURFACE NODE 2 NODE 3
TEMPERATOSE IN “RANKINE 
NODE 4 NODE 5 NODE 6 NODE 7 NODE 8 ADIA.WALL
0.0000000 560.00000 560.00000 560.00000 560.00000 560.00000 560.00000 560.00000 560.00000 560.00000
31.033056 700.89098 670.17440 643.94938 622.36049 605.32315 592.58797 583.82636 578.72140 577.04698
59.480020 736.68731 709.90424 686.16453 665.72835 648.79437 635.50528 625.95663 620.20704 618.28733
90.513068 766.22512 743.02115 722.33890 704.42134 689.47625 677.67460 669.14967 663.99665 662,27264
118.96003 789.32692 768.96849 750.80998 735.08659 721.92457 711.53902 704,03229 699.49270 697.97355
149.99307 811.24072 793.59053 777.84556 764.19282 752.79442 743.78565 737.27338 733.33487 732.01683
181.02610 830.22346 814,92307 801.27370 789.43764 779.55562 771.74509 766.09889 762.68411 761.54132
209.47305 845.38896 831.96811 819.99516 809.61259 800.94394 794.09233 789,13927 786.14367 785.14115
240.50609 859.81128 848.17975 837.80284 828.80413 821.29077 815.35221 811.05914 808.46270 807.59378
268.95304 871.33233 861.13153 852.03086 844.13874 837,54924 832.34083 828.57559 826.29836 825.53625
299.98607 882.28748 873,44829 865,56225 858.72335 853.01315 848.49971 845.23684 843.26343 842.60300
331.01911 891.77772 884.11902 877.28603 871.36030 866.41249 862,50162 859.67434 857.96438 857.39212
359.46606 899.35765 892.64244 886 . 65116 881.45529 877.11687 873.68764 871.20855 869.70916 869.20737
390.49909 906.56430 900.74665 895.55610 891.05461 887.29594 884.32495 882,17712 880.87808 880.44334
418.94604 912.31989 907.21947 902,66877 898.72216 895.42679 892.82198 890.93887 889.79993 889.41876
449.97907 917.79169 913.37343 909.43135 906.01252 903.15781 900.90133 899.27001 898.28337 897.95317
481.01211 922.53093 918,70376 915.28904 912.32756 909.85471 907.90005 906.48694 905.63226 905.34623
500.40776 925.16506 921.66653 918.54501 915.83781 913.57728 911.79045 910.49865 909.71735 909.45588




V I I .  CONCLUSIONS
In  o r d e r  t o  draw any c o n c lu s io n s  from  t h i s  w ork , one must f i r s t  
r e c o g n iz e  th a t  n u m erica l a n a ly s is  i s  an a p p rox im a te  s o l u t i o n .  The u se  
o f  t h i s  m ethod i s  w id e sp re a d  in  in d u s t r ie s  d e a l in g  w ith  a e r o n a u t ic a l  
p ro b le m s . The tem p era tu re  d i s t r i b u t i o n  and h i s t o r y  o f  an o b je c t  o f  any 
p h y s ic a l  p r o p o r t io n s ,  such  th a t  on e  d im e n s io n a l h ea t t r a n s f e r  may be 
assum ed t o  o c c u r ,  may be  c a l c u la t e d  from  t h i s  g e n e ra l m ethod . In  p a r­
t i c u l a r  th e  tem p era tu res  in  an i n f i n i t e  p l a t e  s u b je c t e d  t o  aerodynam ic 
h e a t in g  and  r a d ia t io n  may b e  c a l c u la t e d  w ith  th e  u se  o f  e q u a tio n s  20. 
2 4 ,  and 2 7
The m ethod d e s c r ib e d  in  t h i s  t h e s i s  may be  u sed  in  c o n ju n c t io n  
w ith  any boundary c o n d it io n s  th a t  do n o t  le n d  th em se lv es  t o  an a n a ly t ­
i c a l  a n a ly s i s .  I t  i s  e s s e n t ia l  from  th e  s ta n d p o in t  o f  tim e  in v o lv e d  
t h a t  one have a c c e s s  t o  some ty p e  o f  h ig h  sp e e d  com pu tin g d e v ic e  in  
o r d e r  t o  s o lv e  th e s e  e q u a t io n s .
The s e l e c t i o n  o f  s im i la r  c o n d it io n s  f o r  th e  s o lu t io n  o f  b o th  ex­
am ple prob lem s was made t o  exam ine th e  d epen den cy  o f  th e  tem p era tu re  
on  th e  c h o i c e  o f  tim e  and  p o s i t i o n  in cre m e n ts . Upon exa m in ation  o f  
T a b le  3 an d  P la te  5 th e  re a d e r  w i l l  n o t i c e  th a t  th e  tem p era tu res  c a l ­
c u la t e d  a t  any p o s i t i o n  in  th e  f i r s t  exam ple v a ry  o n ly  a  f r a c t i o n  o f  
a  d e g re e  Rankine from  th o s e  c a l c u la t e d  in  th e  se co n d  exam ple f o r  th e  
same p o s i t i o n .  H ow ever, th e  tim e in v o lv e d  f o r  th e  com p u ta tion  o f  th e  
tem p era tu res  in  th e  secon d  p rob lem  was a p p ro x im a te ly  e ig h t  tim es  th a t
3b
n e c e s s a r y  f o r  th e  com p u ta tion  o f  th e  f i r s t  exam ple .
A lth o u g h  o n ly  tw o exam ple p rob lem s w ere programmed and com puted , i t  
i s  f e l t  t h a t  t h i s  com p a rison  when u s e d  w ith  g e n e r a l n u m erica l a n a ly s is  
p ro ce d u re  can  le a d  t o  v a l i d  c o n c lu s io n s .  As an a n a ly t i c a l  s o lu t io n  o f  
t h i s  p rob lem  c o u ld  n o t  b e  d eterm in ed  n or  fou n d  in  any r e fe r e n c e ,  i t  i s  
n o t p o s s i b l e  t o  p r e s e n t  any r e s u l t s  o f  e r r o r  c a l c u l a t i o n s .  In  g e n e ra l 
e n g in e e r in g  p r a c t i c e  th e  a c cu ra cy  o f  th e  f i r s t  exam ple w ould  b e  a d e q u a te .
W ith  o n ly  th e  n e c e s s a r y  m o d i f i c a t io n s  o f  th e  boundary c o n d i t i o n s ,  
t h i s  m ethod and program  c o u ld  be  u s e d  f o r  any p rob lem  o f  t h i s  n a tu r e .
The a u th o r  f e e l s  th a t  th e  s o lu t io n  o f  p rob lem s w ith  v a ry in g  f i lm  c o ­
e f f i c i e n t s  c o u ld  be  h an d led  w ith  t h e  p r o c e d u r e .
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TEMPERATURE IN °RANKINE 
NODE 2 NODE 3 NODE 4 ADIA. WALL
2.5860880 +.13058 +3.87181 0.00000 0.00000 0.00000
28.446968 -.7 2 7 0 5 -.2 5 4 1 5 +.25781 +.63178 +.76528
59.477966 - .5 5 4 1 -.3 2 2 1 4 -.0 8 0 1 3 +.10673 +.17723
87.926981 -.5 5 4 8 8 -.4 0 3 6 3 -.2 7 0 4 2 -.1 7 7 7 8 -.1 4 4 4 3
118.95593 - .6 0 2 4 4 -.5 0 6 2 9 -.4 2 6 0 1 -.3 7 2 6 5 -.3 5 3 9 3
152.57915 -.6 4 0 8 0 -.5 8 8 6 5 -.5 4 3 8 6 -.5 1 3 8 2 -.5 0 3 2 6
193.95653 -.6 5 8 4 2 -.6 4 5 7 5 -.6 3 1 7 2 -.6 2 1 2 2 -.6 1 7 3 6
219.81740 -.6 5 5 9 6 -.6 6 1 6 1 -.6 6 1 8 4 -.6 6 0 3 9 -.6 5 9 6 2
250.85043 -.6 4 2 8 5 -.6 6 5 3 4 -.6 7 8 7 3 -.6 8 5 6 4 -.6 8 7 7 5
274.12521 -.6 2 7 4 5 -.6 5 9 5 0 -.6 8 0 4 2 -.6 9 2 1 4 -.6 9 5 3 9
299.97583 -.6 0 6 2 0 -.6 4 6 3 3 -.6 7 3 6 8 -.6 8 9 5 1 -.6 9 4 7 0
331.00781 -.5 7 6 5 5 -.6 2 3 5 1 -.6 5 6 3 1 -.6 7 5 6 9 -.6 8 2 0 9
354.29388 -.5 5 2 3 2 -.6 0 2 6 5 -.6 3 8 2 8 -.6 5 9 4 8 -.6 6 9 5 3
369.81040 -.5 3 5 5 2 -.5 8 7 4 8 -.6 2 4 4 5 -.6 4 6 5 5 -.6 5 3 9 0
403.42952 -.4 9 8 1 8 -.5 5 2 0 9 -.5 9 0 8 1 -.6 1 4 1 2 -.6 2 1 9 1
431.87647 - .4 6 6 2 4 -.5 2 0 5 0 -.5 5 9 7 0 -.5 8 3 4 1 -.5 9 1 3 3
460.32342 -.4 3 4 6 2 -.4 8 8 3 0 -.5 2 7 1 9 -.5 5 0 9 1 -.5 5 3 8 1
486.18428 -.4 0 6 4 4 -.4 5 9 0 4 -.4 9 7 3 3 -.5 2 0 9 0 -.5 2 8 3 9
NOTE: + in d ic a te s  tem perature c a lc u la t e d  w ith  8 nodes la r g e r ;
— in d ic a te s  tem perature c a lc u la t e d  w ith  4 nodes la r g e r .
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V I I I .  SUMMARY
In  th e  p r e ce d in g  w ork th e  w r it e r  has made u s e  o f  num erica l a n a ly s is  
f o r  th e  s o lu t io n  o f  a t r a n s ie n t  one d im en sion a l heat t r a n s fe r  p rob lem . 
From th e  data  p re se n te d  one m ight d eterm in e many u s e fu l  f a c t s  such  as 
tem p era tu re  d i s t r ib u t i o n ,  tem peratu re h i s t o r y  and maximum tem peratu re 
a t t a in e d  when a p la t e  i s  s u b je c te d  t o  a t r a n s ie n t  heat f l u x .
When used  w ith  a com puter t o  r id  th e  s o lu t io n  o f  tim e o b je c t i o n s ,  
th e  r e s u l t in g  e q u a tion s  c o u ld  be  very  u s e f u l .  I t  sh ou ld  b e  p o in te d  out 
th a t  th e  m ethod u sed  and th e  con sequ en t program m ing f o r  u se  by th e  com­
p u te r  dem onstrate  a g e n e ra l manner in  w hich  a w ide  v a r ie t y  o f  problem s 
o f  t h is  ty p e  c o u ld  b e  h a n d led .
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